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(54) Substituted quinazollne derivatives 

(57) This invention provides a compound having the formula 




wherein: 

X is phenyl which is optionally substituted; 

R and R 1 are each, independently, hydrogen, halogon, alkyl, aikoxy, hydroxy, or trifluoromelhyl; 

R 2 is hydrogen, alkyl, aikoxy, hydroxy, trifluoromethyl; 

Y is a radical selected from the group consisting of 
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W R 
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(C(R 3 )2)n 



R 3 is independently hydrogen, alkyl, earboxy, carboalkoxy, phenyl, or carboalkyl; n = 2-4; 

or a pharmacoutinally acceptable salt thereof, with the proviso that each R 3 Of Y may be the same or different which 
are useful as antineoplastic agents. 
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Description 

This invention relates to certain substiluied quinazoline derivatives as well as the phaimaceutically acceptable 
salts thereof. The compounds of the present invention inhibit the action of certain growth factor receptor protein tyrosine 
s kinases (PTK) thereby inhibiting the abnormal growth ol certain cell types: The compounds of this invention therefore 
are anti-cancer agents and are useful for the treatment of cancer in mammals. In addition, this invention relates to the 
manufacture of said quinazolines, their use for the treatment of cancer, and the pharmaceutical preparations containing 
them. 

Protein tyrosine kinases are a class ol enzymes that catalyze the transfer ot a phosphate group from ATP to a 

to tyrosine residue located on a protein substrate. Protein tyrosine kinases clearly play a role 'n normal cell growth. Many 
of the growth factor receptor proteins function as tyrosine kinases and it is by this process that they effect signaling. 
The interaction ol growth factors with these receptors is a necessary event in norma! regulation of cell growth. However, 
undor certain conditions, as a result of either mutation or overexpression. these receptors can become deregulated; 
the result of which is uncontrolled cell proliferation which can lead to tumor growth and ultimately to the disease known 

is as cancer [Wilks A.F., Adv. Cancer Res., 60, 43 (1993) and Parsons, J.T.; Parsons, S.J., Important Advances in On- 
cology, DeVrta V.T. Ed. , J.B. Lippincott Co., Pbita.. 3 (1 993) ]. Among the growth factor racoptor kinases and their proto- 
oncogenes that have been identified and which are targets of the compounds of this invention are the epidermal growth 
factor receptor kinase (EGF-R kinase, the protein product of the erbB oncogene), and the product produced by the 
erbB-2 (also referred to as the neu or HER2) oncogene. Since the phosphorylation event is a necessary signal for cell 

20 division to occur and since overexpressed or mutated kinases have been associated with cancer, an inhibitor of this 
event, a protein tyrosine kinase inhibitor, will have therapeutic value for the treatment of cancer and other diseases 
characterised by uncontrolled or abnormal cell growth. For example, overexpression of the receptor kinase product of 
the erbB-2 oncogene has been associated with human breasl and ovarian cancers [Slamon, D. J., et. a)., Science, 
244, 70? (1989) and Science, 235, 1146 (19B7)]. Deregulation of EGF-R kinase has been associated with epidermoid 

25 tumors [Reiss, M., el. a!., Cancer Res., 51, 6254 (1 991 )], breast tumors {Macias, A., et. a!., Anticancer Res., 7, 459 
(1S87)], and tumors involving other major organs [Gullick, W.J.,. Brit. Med. Bull., 47, B7 (1991 )]. Because the importance 
of the role played by deregulated receptor kinases in the pathogenesis of cancer, many recent studies have deaft with 
the development of specific PTK inhibitors as potential anti-cancer therapeutic agents [some recent roviews: Burko. 
T.R., Drugs Future, 17, 119 (1992) and Chang, C.J.; Geahien, R.L., J. Nat. Prod., 55, 1529 (1992)]. 

30 The compounds of this invention are certain 4-anilinoqurnazolines. Throughout this patent application, thoquina- 

zotine ring system v/IH be numbered as indicated in the formula below:' 



3S 




Olher 4-anilinoquina2oliries which differ both in the nature and placement of the substituents at positions 5-8 com- 
pared to the compounds of this invention have been noted to have PTK inhibition activity. It is known fromlheEuropoan 
Patent Application 520.722 A1 certain 4-anilinoquinazclines which contain at positions 5-8 hydrogen, chtoro, Irifluor- 
omethyt, or nitro substituents. Nono oi the compounds in the aforementioned application have the unique combination 
Of substituents contained in the compounds of the present invention. In addition, it is noteworthy that although an anti- 
cancer utility is claimed for the compounds ol the aforementioned European Patent Application, no demonstration of 
an in vivo anti-cancer effect is provided. II is known from the European Patent Application 566,226 A1 certain 4-ani- 
linoquinazotinos which optionally contain at positions 5-8 a variety of substituents. None of the compounds in the 
aforementioned application have the unique combination ol substituents contained in the compounds of the present 
invention. In addition, it is noteworthy that although an anti-cancer utility is claimed lor the compounds of the afore- 
mentioned European Patent Application, no demonstration of an in vivo anti-cancer ©Heel is provided. The only in vivo 
activity described in the aforementioned European Patent Application is the inhibition of TGF-alpha stimulated growth 
of hepatocyte in rals. It is known Irom the European Patent Application 635,498 A1 certain 4-anilinoquinazolines which 
optionally have at position 6 a variety ot substituents while at position 7 they must have a halogen. None of the com- 
pounds in the aforementioned application have the unique combination of substituents contained in thrs compounds 
of the present invention. In addition, it is noteworthy thai although an anti-cancer utility is claimed for the compounds 
of the aforementioned European Patent Application, no demonstration of an in vivo anti-cancer effect is provided. The 
only in vivo activity described in the aforementioned European Patent Application is the inhibition of TGF-alpha stim- 
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ulated growth of hepatocyte in rats. In addition, certain quinazoline inhibitors that do not have a 4-anilino group are 
known. Il is known from the European Patent Application 602,651 A1 certain quinazolinos that do not have an anilirio 
group in the 4 position and which optionally contain at positions 5-6 a variety of substitucnts. None of the compounds 
in the aforementioned application have the unique combination of subsiituenls contained m the compounds of the 

5 present invention. In addition, it is noteworthy that although an anti-cancer utility is claimed lor the compounds ol the 
aforementioned European Patent Application, no demonstration of an in vivo anti-cancer effect is provided. The only 
in vivo activity described in the aforementioned European Patent Application is the inhibition of TGF-alpha stimulated 
growth of hepatocyte in rats, it is known from the patent application WO 95/1 9774certain heterocycles that are inhibitors 
ot PTKs that have a similar pyrimidine ring to the 4-anilinoquinazoles of the present Invention. This aforementioned 

10 application makes no mention of 4-anilinoquinazolines nor ol the unique combination of substituents contained in the 
compounds of the present invention. In addition, it is noleworthy that although an anti-cancer ulility is claimed for the 
compounds ol the aforementioned application , no demonstration of an in vivo anti-cancer elfect is provided. It is known 
from the patent application WD 95/157581 certain quinazolines which optionally contain at positions 5-7 a variety ol 
subsiituenls. None of the compounds in the aforementioned application have the unique combination of substituents 

is contained in the compounds of the present invention. In addition, il is noteworthy that although an anti-cancer utility is 
claimed for the compounds of the aforementioned patent application, no demonstration of an in vivo anti-cancer effect 
is provided. 

In addition to the aforementioned patent applications, a number of publications describo 4-anilinoquinazolines: 
Fry, D.W., et at.. Science, 265, 1093 (1 994). Rewcastle G.W.. el. af.. J. Med: Chem., 38, 3482 (1995). and Bridges, 

so A.J., et. al., J. Med. Chcm., 39, 267, (1 996). None of the compounds described in these publications have the unique 
combination of substituents contained in the compounds of the present invention. In addition, it is noteworthy that no 
demonstration ot an in vivo anti-cancer effect is described in these reports. 

A PTK catalyses the transfer of a phosphate group from a moleculo of ATP to a tyrosine residua located on a 
protein substrate. The inhibilors so lar known in the art are usually competitive with either the ATP or the protein 

25 substrate ot the kinase. Some of these inhibitors, the so-called mixed competitive inhibitors, can be competitive with 
both ATP and substrate simultaneously; all such competitive inhibilors function as reversible inhibitors. The 4-anilino- 
quinazolines known in the art are reversible inhibitors that are competitive with ATP [Fry, D.W., et. al., Science, 265, 
1093 (1 094)]. Since the concentration of ATP in a coll is normally very high (millimolar). compounds that are competitive 
With ATP may tack in vivo activity since it is unlikely that said compounds can reach the concentrations within the cell 

so that are necessary to displace the ATP from its binding site. As demonstrated, the quinazoiine inhibitors of this invention 
have the unique ability of inhibiting these PTKs in an irreversible manner and are therefore non-cDmpetitivp with ATP 
or protein substrate. Tho compounds of this invention can function as irreversible inhibitors by virtue of the fact that 
they can form covalent bonds to amino acid residues Jocated at the active site of the enzyme. As shown below, this 
results in an enhanced therapeutic usefulness of the compounds of this invention when compared lo the reversible 

as type of inhibitor. In particular, it is shown that it is Ihe unique nature and combination of substituents contained in the 
compounds of the present invention that lead to the irreversible binding ol the inhibitor to ihe enzyme. These unique 
properties of the compounds of this invention contribute to their ability to inhibit the growth of human tumors in an in 
vivo model of cancer. 

This invention provides a compound of formula 1: 

•to 



45 



SO 




wherein: 

ss 

X is phenyl optionally surMllMed with one or more substituents. selected from the group consisting, of halogen, 
alky ol 1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy, trifluorornethyl, cysno, nitro, carboxy, carboalkoxy 
of 2-7 carbon atoms, carboalky.l o! 2-7 carbon atoms, amino, and alkanoyiamino of 1-6 carbon atoms; 



4 
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R and F4 are, each, independently, hydrogen, halogen, alky I of 1-6 carbon, atoms, alkoxy of 1-6 carbon atoms, 
hydroxy, or trifluoromethyl; 

R 2 is hydrogen, alky) of 1-6 carbon atoms, alkoxy of i-S carbon atoms, hydroxy, trifluorom ethyl; 
Y Is a radical selected from Ihe following: 




■Pl 3 is independently hydrogen, alky] of 1-6 carbon atoms, torboxy, carboalkoxy of 2-7 carbon atoms, phenyl, or 
25 carboalkyl of 2-7 carbon atoms; 

0=2.4; 

or e pharmaceuiically acceptable salt therecfl, with She proviso that each R 3 of Y may be the same or different 

1 eph rjmae uti ally acceptable salts are the < d- t , - uch organic and inc , nic acids as acst laUc 
so clitic, tartaric, succinic, malfitc, malnrifc; gluconic* hydrochloric, hydrobrbmic, phosphoric, nitric, sulfuric, malharwsul- 

fonfe.and similarly known acceptable, ackfe, 

, ! _j i 1 1 

chain as well as branched carbon chains. Carboxy is defined as a -COjH radical. Garboalkoxy of 2-7 carbon atoms is 

defined as s -C O ,R" radical where R* 15 an alky! radical < f 1 -6 carbon atoms Ca boaJkyl is defir ec a c a COR" rauc I, 
35 where R" i a- p hv! % I Muuron Jh en X is substituted I is preferred trui ft m, 10- J 1 ir 

-uhoi'utto .mil nxno-,iib.iituBibi?ma nosl preferred sVh«n & run omd of thi* 'n^iV cn c nlsur-F dn rt=s<.fiiF.r'C 

center, Ihis invention covers the individual R and S enlantiomers as well as ihe raceinate with respect to such t»m r 

pound. 

Of the compounds of Shis invention, preferred members include those in which R, RT, and R 2 are hydrogen; and 
40 those in wh ich R, R', and =P are hydrogen and X is either unsubstituted or monosubsliiuled with halogen or alkyl of 
1-6 carben atoms. 

The preparation, of the compounds o! this invention encompassed by Formula 9 is. described below in Flowsheet 
1 vib r ~, h R <. and n are defined and R 4 is alky I ' utmn 0 (p erably is i/l| f a radical 
selected Irom the group consisting of: 

45- 
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IS 




wherein each R s g is independently hydrogen, alky I of 1-5 carbon atoms, carboxy, carboaSkoxy pi 1-6 carbon atoms, 
phony!, or carboalkyf of 2-7 carbon atoms. According to the sequence of reaction outlined in flowsheet A, a 5-nltro- 
a th em\ niSrjl f Formula 2 is heated al about 10Q°C Ih or wHhoui solvent containing an excess of dimelhyllomn 

so mide dimethyl aceta! 10 furnish an amidine of Formula 3. Healing a solution of amidine 3 and the aniline 4 in acetic 
ai m M 1 ic 5 h ii i jx - thp t tr t, nil ioqu <s? 1 nt> r uFon ui R ductit r r ' iht n trc group ! -> sir j d 
reducing agent such as iron in an acetic acid-alccho! mixture at elevated [emperaldre gives the 6-amino-4-anilino- 
quirsazciinas of Formula 6. Acytertion of 6 with either an acid chloride of Formula 7 or a mixed anhydride of Formula 8 
(which is prepared from the corresponding carboxylic acid) in an inert solvent such as lelrahydrofuran (THF) in the 

26 presence ol an orjaiic l>« e sucl as a,<n line or fiMiryL-Ti ine S the compounds of this went ion i^s-entra b» 
Formula 9 i those cases ih n- " - 3 n v <i - i tic bo ort nsj car L t a a >e nwo s*h> 
individual R orS entantiomcrs in which case the compounds oi this invention will he in ibe racemic or Rand Soptically 
active forms, respectively. The S-riitro-ahlhraiiilonitf iles of Formula 2 needed to prepare the compounds of this invention 
are either already known to the art or can be prepared by procedures Known in the art as detailed in the following 

& references: Baudot, Recl.Trav.Chim.Pays-Bas, 43, 710 (1.92.4); Hartmans, Recl.Trav.Chim.Pays-Bas. 65, 468, 469 
(19'46);Tayl ret at J.Ame 3hem >c <?2 6058,6063(1960) d(fC3 , t 1 J fm Ci m..Soc 2,3 52 3 ir "0" 
r shf ai J o S^siadii In inn I Ct- =r „ 1 11*37*' Ka'tritZliy 'nP Laura ro Kill em jf a' I n 
(199.6); Nicias, Hans-Joaehim; Bohlo, MalShias; Rick, Jens-Oellev; Zeuner,Frank; Zoelch, Lothar, Z.Chem., 25(4.}, 
1 37-1 3B (1985). 



45 



so 



ss 
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C^nAx CN <CH 3 ) 2 NCH(OCH 3 b ^^W^ 
Hi 



CH 3 C0 2 H, 



CH 3 C02H.C 2 H 6 OH 



o ,y 
" <.. » ^" n- 



THf. pyridine. or(C ? H G > 3 N 



The preparation of the compounds of this invention encompassed by Formula 12 is described below in Flowsheet 
B wherein R< R-, , R 2 , X, and n are described above. Each Rs is independently hydrogen, phenyl, or alkyl of 1 -6 carbon 
■40 atoms. According to She reaction outlined in Flowsheet B, the 6-amino-4-aniiinoquinazolines of Formula 10 (prepared 
as in Flowsheet A) arB acytated with a cyclic anhydride of Formula 11 in an inert solvent sued as letrahydroluran in 
basic catalyst ouch as pyridine or trietrvylamine. 



ss 
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THF, pyridine, or (C 2 Hs)3N 




Representative compounds e>? this Invention were evaluated in several standard pharmacological lest procedures 
that showed that the compounds ol this invention possess significant activity as inhibitors of protein tyrosine kinases, 
and are antiproliferative agents. Based on the activity shown in the standard pharmacological lest procedures,: the 
compounds of this invention are therefore useful as antineoplastic agents. The lest procedures used and results ob- 
tained are shown below 

Tlie preparation ot the cornpouodteof this^ention encompassectby Formula 19 is described below in Flowsheet 
C wherein V, Fi 4 , and X arextescribed above. According to the reactions outlined in Flowsheet C, 4-choro-6-ni1rriqiitns- 
v ec if 13,-(Wlorley and Simpsoa.J Cfterri Sod., 360 1 J 'L) effdjr;jr -amino-4-ch!oroquins2oIin6 i<t, ^nnc 
a reducing agent such as sodium hydrosuRite in a two phase System consisting of tetrahydrofurah and water In tie 
presence: pi a small amount ot phase transfer catalyst. Acylation of 14 'with either an acid : chloride of Formula 15 or a 
r xlu ri t i i er' r anbl ( Sc - pra,. r d f o~n htrr re c vini, c to< ca ) im inert 3 nt such 
telrahydroluran (THF) in the presence of an organic basosuchas pyridineoi N hy mprpholine gives the compounds 
o! Formula 17. In those cases where 15 or 16 have an asymmetrfcseaiibQn atom, ft^feaft bs used as the racemateof 
as the individual B or S ententipmers in which case the compounds of this invention will be in the racemie or Rand S 
optically active forms, respectively. Heating a compound ol Formula 17 with an aniline 01 Formuis 1B, in a inert solvent 
such as isopropanol, gives the compounds at this invention represented by Formula 19. 
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FLOWSHEET C 




19 



to The preparation of thB compounds of this invention encompassed by Formula 26 is described below in Flowsheet 

D wherein V; R 4 , and X are described above. According to the reactions outlined in Flowsheet D, the nitro group of 
20 (prepared as jn Flowsheet A) is reduced to the corresponding amine compound 21 using a palladium catalyst and 
a source of hydrogen which can be hydrogen itself or cyclohexene. Acylation of 21 with ollhor an acid chloride of 
Formula 22 or a mixed anhydride of Formula 23 (which is prepared from thB corresponding carboxyfic acid) in an inert 

45 sqlvsnt such as tetrahydrofuran (THF) in the presence of an o/ganic base such as pyridine or N-mclhyl marpholine 
gives the compounds of Formula 24. In those cases where 22 or 23 have an asymmetric carbon atom, they can be 
used as the racemate t>r as the individual Ror S enlantiomers in which case the compounds of this invention will be 
in the racemic or R and S optically active forms, respectively. Healing a compound of Formula 24 with an aniline of 
Formula 25, in a inert solvent such as acetic acid gives the compounds ol this invenlion represented by Formula 26. 



ss 



9 
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\^N^N(CH 3 ) 2 CH3QH, Pd/C \^N <JK N(CH 3 ) 2 



N^N(CH 3 ) 2 




35 inhibition ol Epidermal Growth Factor Receptor Kinase (EGF-R) . 

Tesl compounds were evaluBied for their ability lo inhibit the phosphorylation oi the tyrosine residue of a peptide 
substrate catalyzed by the enzyme epidermal growth laclor receptor kinase. The peptide substrate (RR-SRC) has the 
sequence arg-arg-teu-ile-glu-asp-ala-glu-tyr-ala-ala-arg-gly. The enzyme was obtained as a membrane extract ol A431 

-40 cells {American Type Culture Collection, Rockville, MD). A431 cells were grown in T1 75 llasks to 80% confluency. The 
cells were washed twice with phosphate buffered saline (PBS) without Ca 2 +. Flasks were rotated for 1.5 hours in 20 
ml PBS with 1.0 mM eihytenediaminetetraacetic acid (EDTA) al room temperature and centriiuged at 600g for 10 
minutes. The cells were solubilized in 1 ml per 5 x 10 6 colls ol cold lysis buller {10mM 4-(2-hydroxyelhyt)-1 -pipera- 
zineelhancsuliGnic acid (HEPES), pH 7.6, 10 mM NaCI, 2mM EDTA, 1mM phenylmethylsullonyl-fluoride (PMSF), 10 

« mg/ml aprotinin, 10 mg/ml leupeptin. 0.1 mM sodium orthovanadato} in a Dounca homogehizer with 1 0 strokes on ice. 
The lysate was centrifuged at 600g for 10 minutes first lo clear cell debris and the supernatant further centrituged al 
1 00,000 g for 30 min at 4°-C. The membrane pellet was suspended in 1 .5 ml HNS butter (50 mM HEPES, pH 7.5, 125 
mM NaCI, 10% glycerol). The membrane extract was divided into aliqtiots, immediately frozen in liquid nitrogen and 
stored at -70°C. 

so Test compounds were made into 1 0 mg/ml stock solutions in 1 00% dimethylsulloxide (D MSO). Prior to experiment, 

stock solulions were diluted to 500 mM with buffer (30 mM Hepes pH 7.4) and then serially diluted lo the desired 
concentration. 

An aliquot of the A431 membrane extract (10 mg/ml) was diluted in 30 mM HEPES (pH 7.4) to give a protein 
concentration of 50 ug/ml. To 4 jjI of enzyme preparation, EGF (1ul at 12 ug/ml ) was added aid incubated lor 10 min 
55 on ice followed by 4 ul of the test compound or buffer; this mix was incubated on ice for 30 min. To this was added 
the 33 P-ATP (10 mCi/ml) diluted 1:10 in assay buffer along with the substrate peptide at a concentration of 0.5 mM 
(control reactions got no tesl compound) and the reaction was allowed lo proceed for 30 min at 30°C. The reaction 
was stopped with 10% TCA and left on ice for al least 10 min after which lubos woro microcenlrifuged al full speed for 
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15 min. The a portion o( the superaatants wore spotted on PB1 phosphoceliuloso discs and washed twice in 1% acetic 
acid thon wator tor 5 min each fallowed by scintillation counting. The inhibition data (or representative compounds of 
the invention are shown below in TABLE 1 . The IC 50 is the concentration of lest compound nperied lo reduce the total 
amount of phosphorylaied substrate by 50%. The % inhibition of the tost compound was determined for at least three 
e different concentrations and the IC £0 valuo was evaluated from the dose response curve. Tha % inhibition was eval- 
uated with the following formula: 

% inhibition = 1 00 - [CPM(drug)/rjPWI (control)} x 1 00 

where CPM(drtig) is in units of counts per minute and is a number expressing the amount of radiolablod ATP (g-^P) 
incorporated onto the RR-SRC peptide substrate by the enzyme after 30 minuies at 30°C in the presence of test 
compound as measured by liquid scintillation counting. CPM(control) is in units ot counts per minute and was a number 
expressing the amount of radioiabled ATP (g-33P) incorporated onto the RR-SRC peptide substrate by the enzyme 
J5 after 30 minutes at 30°C in the absence of test compound as measured by liquid scintillation counting. The GPM values 
ware corrected tor the background counts produced by ATP in the absence of the enzymatic reaction. The IC S0 values 
reported in TABLE 1 are averages of the number of tests conducted 



TABLE 1 



So 



Inhibition of Epidermal Growth Factor Receptor Kinase 


Compound 


IC50(uM) 


Number ol Tests 


Example 4 


0.012 


5 


Example 5 


QA9B 


4 


Examples 


0.5 


1 


Example 7 


0:05 


1 


Example 0 


0.04 


2 


Example S 


0.002 


20 


Example 1 0 


0.11 


2 


Example 11 


0.056 


4 


Example 13 


lo-? 


1 


Example 14 


1,0 


1 



36 Determination of Covalenl Binding of Test Compound to Epidermal Giowlh Factor Fteceplor Kinase 

An aliquot of the A431 enzyme extract (prepared as described above) was diluted to 50-100 ug/ml with 30 mM 
Hepes buffer at pH 7.4containing EGF at 1 2 ng/m! concentration so that under standard test conditions approximately 
2% reaction will take place and the final EGF concentration is 2.4 ug/ml (as in the standard assay describe above). 
40 This mixture was incubated at least 10 minutes at 4°C belore use. This onzyme preparation was usedtortrie fallowing 
dialysis test procedures, 

To 60 jii o! the enzyme preparation was added 48 u.1 of test compound dissolved in 5% dimelhylsulfoxido (DMSO) 
(or just 4B ul 5% DMSO for the control). Test compound concentrations were chosen lo be 20-100 lofd above the IC50 
value to ensure ideally 80-90% inhibition. The enzyme-inhibitor solution was incubated for 45-60 minuies at 4°C. For 

AE the undialyzed control test procedures, a 9 ul aliquot ol the enzyme-inhibitor solution was evaluated under standard 
protocols as described above. For dialysis test procedures, a 60 pi aliquot of the enzyme-inhibitor solution was placed 
in a wall of a Pierce Microdialyzer System 100 and dialyzed at 4 ? C versus 30 mM Hepes containing 1.25 \ig/m\ EGF 
tor 24 hours with two changes ol buffer (minimum 3 hours dialysis before each change). The 8000 molecular weight 
cutoff membranes were used. A 9 ul (at least duplicates) aliquot of the dialyzed solution was evaluated for activity by 

50 the standard protocol as described above. Enzyme without added test compound retains 50-90% of its initial activity 
after dialysis. Dialyzed solutions of test compound without added enzyme are also evaluated to 6nsurethe compounds 
are dialyzable. 

if the enzymatic activity is not recovered after dialysis, then it is determined that the test compounds is binding 
covalently (irreversible inhibition) If the enzymatic activity is largely recovered after dialysis, then it is determined that 
5S the test compound is binding non-cavalently (reversible inhibition). Determinations of covalent binding can be ex- 
pressed as the % Recovered Activity which is calculated using the following formula which utilize the % inhibition before 
and alter dialysis: 
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% RecovEred Activity = ((% inhibition{pre dtalysis}-% inhibition{pos( dialysis))/% inhibition {pre dialysis)] X 100 

A value lor the % Recovered Activity close to 1 00% indicates non-covalent binding (reversible inhibition). A value 
s tor the % Recovered Activity much below 1 00% indicates covalent binding (irreversible inhibition). The results obtained 
for the determinations ol covalent binding to EGF-R kinase for representative compounds of this invention are provided 
below in TABLE 2. For comparison purposes, TABLE 2 also provides binding data lor N-(3-bromophenyl)-6,7-dimeth- 
oxy-4-quinazo!inamine. This quinazoline inhibitor has baan identified as a polent inhibitor of EGF-R kinase [ Fry. D. 
W., et a!., Science, 265, 1093 (1994); Rewcastle G.W., eL al„ J. Med. Cham., 38, 3482 (1995), and Bridges, A.J., ct. 
rfl al., J. Med. Chem., 39 , 267, (1 996)] and is encompassed in the European Patent Application 566,226 A1 . The results 
of multiple independent evaluations for each compound evaluated are provided in TABLE 2: 



TABLE 2 



is 



Determination of Covalent Binding to Epidermal Growth Factor Receptor Kinase 


Compound 


% Recovered 
Activity 


Determination 


Example 4 


20 


11 


1.7 


covalent (irreversible binding) 


Example 9 


9 


4 




covalent (irreversible binding) 


N-(-3-bromophenyl)-5,7-dime1hoxy- 
4-quinazo!inamine 


102 


70 


107 


non-covalent (reversible binding) 



The results in TABLE 2 show that the compounds ol this invention inh ibit EGF-R kinase in an irreversible manner 
25 by forming a covalent linkage to an amino acid residue located on the enzyme. In this respect, they are distinctly 
different from the usual 4-anilinoquinazolines such as N-(3-bromophenyl)-6,7-dimelhoxy-4-quina2olinamine which 
binds in a reversible manner. As will bo delineated below, this difference "m binding abilities between the compounds 
ol this invention and the usual quinazolines inhibitors of the prior art, loads to significantly improved biological activity 
and therefore greater therapeutic usefulness. 

30 

inhibition cl Cell Growth as Measured by the Incorporation of f^Hl-Thymidine 

Representative compounds of this invention wore evaluated for their ability to inhibit the growlh of the celt lines 
described below in vilro. The inhibition is quarrtitated by measuring the decrease in the incorporation of radio-labeled 
35 thymidine when the celts are grown in the presence of the inhibitor. A431 and SKBR3 cell lines are obtained from 
American Type Culture Collection, Rockville, MD. Neu-3T3 colls areobtained by transfecting NIH 3T3 mouse fibroblasts 
with an activated rat Neu oncogene. NHEK cells are obtained from Clonotics (San Diego, CA). Cells were roulinely 
grown in a humidified incubator in 5% CO s in air. These cell lines are dependent on growth factors which are ligands 
to the receptor tyrosine kinases that are the targets ol the compounds of this invention, and have the following ctlaf- 
acteristics: 

A431 : human epidermoid carcinoma colls ovoroxpressing EGFR 
NCU-3T3: NIH 3T3 cells transfected with activated Neu oncogene 
NHFK: FRF dependent normal human epidermal keratinocytes 
45 SKBR3: Human breast cancer cells overexpfessing ErbB2 gene 

The cell lines were grown in appropriate media as described below: 

A431 : Dulbecco's Modified Eagles Media, high glucose, BRUGibco (10% Fetal Bovine Serum (FBS). Glutamine, 
50 Penicillin-Streptomycin) Dulbccco, R.. Freeman, G. VirologyB, 396 (1959). 

Neu-3T3: Dulbeccos Modified Eagles Media, high glucose (10% Feial Bovine Serum, Glulamine, Penicillin-Strepto- 
mycin) 

SKBR3: Roswell Park Memorial Institute 1640 W/GLU (10% FBS, GLU, PS) Moore, 6. E., Gerner, R. E. and Franklin, 
H. A. A.M. A, 199, 516 (1967). 

55 NHEK: Keratinocyte Growth Media. Clonetics Boyce, ST and Ham, R. G. In Vitro 17, 239 (Abstract No. 159) (19BT) 
Cells were seeded at 10,000 cells/weil in 96 well plates in complete media and allowed to grow to log phase. At 
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this stage the complete media was replaced with media containing 0.5% FBS (for cells growing in 10% FBS) or media 
lacking opidormal growth factor (EGF) {for cells growing in serum free media). After overnight incubation in low serum 
(or EGF lacking) media, the compounds io be evaluated were added end cells remained in the presence of compounds 
for 43 to 72 hours. Media with test compound was then removed and complete media was added back. ThB cells were 

£ allowed to grow for 18 hours. This Is followed by incubation in pH]thymidine II mcllml in serum/EGF media) for 4 hours. 
Cells wero lysod in 0,5 M NaOH ior al loast 30 rmnat 37°C and radioactivity analyzed. 

The c.e!! growth inhibition data is provided below in TABLE 3. The IC^ is the concentration of test compound 
needed io reduce the amount of pHjthymidine incorporation by 50%, The % inhibition of the compound evaluated was 
determinedlbr at least three different concentrations and the IC^, value evaluated Item the dose response curve. The 

io % Inhibition is evaluated with tie following formula; 

% inhibition =100- [CPM(drug)/CPM{control)} X 1 0O 

i£ where CPM(drug) is in units of counts per minute and is a number expressing the amount of pH]thymiriine incorporated 
Into the DNA when cells are grown in the presence of test compound as measured by liquid scintillation counting. CPM 
(control) is in units of counts per minute and is a number expressing the amount of pHjthymidine incorporated onto 
the DNA when ceils are grown in the absence of tost compound as measured by Squid scintillation counting. 



TABLE 3 



Inhibition of Cell Growth as Measurement by the Incorporation of pHJ-Thymidine (IQso) 


Compound 


A431 (jiM) 


SKBR3 (uM) 


NHEK fuM) 


NEU-3T3 (uJUI) 


Example 4 


0.07 


>50 


0.17 


>50 


Example 5 


0.825 


0.30 


0.17 


10 


Example 6 


27 


>50 


4.5 


>50 


Example 7 


0.45 


5.5 


0.45 


7.5 


Example 8 


0.22 


7 


0.5 


0.3 


Example 9 


0,011 


1.057 


0.002 


O.002 


Example 10 


60 


a 50 


>50 


is 


Example 11 


0.8 


4 


0.85' 


0.4 



In Vivo Inhibition of ihe Growth of Human Epidermoid Tumors (A431) 

' BALB/c nu/nu female mice (Charles River, Wilmington, MA) were used in the in vivo standard pharmacological 
test procedures. Human epidermoid carcinoma cells A-431 (American Type Culture Collection, Rockvilie, Maryland 
CRL-155) wero grown in vitro as described above. A unit of 5X10* cells were injected SC into mice. When tumors 
attained a mass of between 100 and 150 mg, Ihe mice were randomized into Irealmenl groups (day 2ero). Mice were 
treated IP once a day either on days 1 , 5, and 9 or on days 1 through 10 post staging with doses of either 60, 40 or 
20 mg/kg/dose of Ihe compound Io be evaluated in 0:2% Klucel. Control animals received no drug. Tumor mass was 
determined every 7 days [(length X width 2 )/2] for 28 days post staging. Relative tumor growth (Mean tumor mass on 
day 7, 14, 21 , and 28 divided by the mean tumor mass on day zero) is determined for each treatment group. The %T/ 
C (Tumor/Control) is determined by dividing tho relative lumor growth of the treated group by the relative tumor growth 
of the placebo group and multiplying by 100. A compound is considered to be active if the %T/C is found Io be S 42%. 
The inhibition results obtained for Ihe compound of Example 9 are provided below in TABLE 4. 
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In Vivo Inhibition of the Growth ol Human Epidermoid Tumors. (A431.) in Mice by the Compound of Example 9 


Dose 
(mg/kg/ 

"IP 


BTG b 


%T.'C C 


RTG b 


%T/C C 


RTG b 


%T/C C 


RTG b 


%T/C C 


S/T d 


Day 7 


Day 16 


Day 21 


Day 28 






















Control 


3.68 








11.41 




15.04 




10/10 






















* BO 


0.71 


19 


0.91 


11 


1.07 


? 


1.36 


9 


5/5 


*40 


1.48 " 


40 


223 


2B 


3.05 


27 


4.C4 


27 


5/5 


*20 


1,72 


47 


2.69 


34. 


4.33 


38 


6.18 


41 


5/5 
























0.75 


20 


tm. 


13 


1.25 


tt 


2 53 


17 


5/5 


e >.DtugSBd 


ministered iP on .il,.:; •..!'. 


3-ot ontiays ! 


hrough 10 ". 



Relative tumor Growth 



. M ean Tumor Mass on. Day 7 . 1 4, 21 , 38 
Mean Tumor Mnss on Dny 0 



' U t. 1\ Srowtho Placebo G tor 1 
c) S/T : f= No. SurvivoraNo, Treated on Day.+2B post; hjmor staging. 

The ability ot the compound ol Example 9 and N-(3-bromophenyi)-B,7<iimetho^y^-quinazplinarnina lo inhibit (ha 
growth- of human epidermoid tumors (A431) in vivo are compared below in TABLE 5. N-(3.3romopr.enyi)-6,7-dini8!h- 
oxy-4-quinazofinamine was chosen as the comparison compound since this quinazpline inhibitor has been identified 
i p-sltr nhibitc N \ g« J L r D V I S % c 65,1093 (19 4 Mr%c ' ct I Aft 

Chcm JS 'MM r <: Frtr-n s, A.J., et. aL, J Med Ct 3.9,267 (19 oil. Hi en p£ sod in tho Europ - 
Patent Application £66,25:8 AJ 
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TABLE 5 



A Comparison of the In Vivo Inhibition by the Compound ot Example 9 and N-i3-Bromopbenyl)-6,7-dimethoxy- 
4-quinazolinamine of the Growth of Human Epidermoid Tumors (A431) in mice. Dose 20 mg/kg/dose IP 


Compound 


RTG b Day 
7 


%T/C C 


RTG 
14 


%T/C C 


HTG b 
Day 21 


%T/C e 


RTG b 


%T/C C 
























* Control 


3.18 




5.65 




7.79 




10.3 




10/10 






















Examples 


1.11 


35 


1,26 


22 


1.51 


19 


2:55 


22 


14/15 


N- 

(3-Bromophenyl)- 

6,7-dimethoxy- 

4-qumazoiinamine. 


3.03 


95 


6,58 


116 


10.5 


128 


14.47 


140 


15/15 


a) Drugs admin 


stered SP on days 1 though 15.b 





Relative Tumor Growths 



M e an Tumor Mass on D ay 7, 14, .2.1, ; 
Mean Tumor Mass on Day 0 



d) S,T = No, SurWMS/No, Treated i 



„ _ /c = Relative Tumor Growth ot Treated Gioup x 
'° Relative Tumor Growth ol Placebo group 
n Day +23 post tumor staging. 



As shown in TABLES 4-5, the compounds of this invention inhibit the growth of human tumors in mammals and 
are therefore useful as antineoplastic agents, in this respect, they arc distinctly different from the usual 4-aniltnoquina- 
7t'ir,u 6' eh as v, t 3 t'omot.r ;nyl)-6.,7 r , re r o 4-quinazoliriamine which is ievoidt ' nti. eoplastic activity 

The ability of the compound of Example: 9 to inhibit the growth of human epidermoid tumors. (A431) in vivo was 
compared with two structurally similar sdrnpounds N-I4- [(3-meth^]phenyl)aminol-6-qu!nazoltnyl]-{ref erred leas Corn- 
para A id I [ |(J nr. nyl r r \ 1 q L r i i m dt (refe - Compare Eiu> larecc 
ered by, European Patent Applications 635.4S3A1 and 566,226 A1 , respectfully. The results of these comparisons are 
shown ,n Teble.3 6 and 7. 



A Corr.pa 
6-quinazoliny 


160ft of tho in wo inhibition by the Compound of Example 9 and N-[4-[{3-Melhylphenyl)aminol- 
/ i Dro-2-p pen < a (Comparator A] of t Growth of Ht nEpiderm< dTir n A4S1) Inmics 


Cc;Tipgund a 


RTG b Day 

■■ 7 


%T/C= 


RTG b Day 
' 14 


%T/C C 


RTG b .Day 
21 


%T/C C 


S/T d 


Control 


5.52 




11,63 




7.79 




10/10 



a) Drags administered IP. Control and Ilia B0 ra.g*g doses were ac 
through to. 



in days 1,5, and 9; 20 mg/kg di 



QoioiK,= T llmn . rrmllh Mean Tumor Mass on Day 7, 1 4, 2 1 
ReSatrv.e Tumor Growth = Mean Timor Mass on Day C ' 



q.™ _ Relative Tumor Growth- of Treated Group x 100 
" Relative Tumor Growth of Placebo Group 



d) srr = No. Syrvi/oraTJo. Trealed. on Day +21 posl tumor staging. 
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TABLE 6 (conlfnuBd) 



A Comparison ol the In Vivo Inhibition by Iho Compound of Example 9 and N-[4-[(3-Methylphenyl)amino]- 
6-quinazoliny!j-7-fluoro-2-propenamide (Comparator A) of ihe Growth oJHuman EpicfermoidTumors (A431)in mice. 


Compound" 


Hi Q b l)ay 
7 


%T/C C 


RTG b Day 
14- 


%T/C 


RTG b Day 
21 






Example 9 
(80 mg/kg) 


125 


16- 


2.50 


21* 


3,77 


24* 


10/10 


Comparator 
A (80 mg/kg) 


3.39 


61 


5.60 


4B 


7.6S 


48 


10/10 


Example 9 
(20 mg/kg) 


0.79 


14* 


1.39 


12" 


2.5S 


16* 


10/10 


Comparator 
A (20 mg/kg) 


4.82 


87 


7.36 


63 


B.75 


56 


9/10 



a) Drugs administered IP. Control and Ihr- R0 nig/kg dcsK werc administered on days 1, 5. and 9:20 m 



Rolalive Tumor Growth 



Mean Tumor M ass on Day 7, 14, 21 
Mean Tumor Mass on Day 0 



_ Relalivo Tumor Growth of Treated Group x 
~ Relative Tumor 
its/No. Treated on Day +?1 post tumor staging. 



AComparisonof the In Vivo Inhibition by the Compound ol Example 9 N44-K3-BromophGnyl)amin6]-6-quina2olinyJ]- 
butanamide {Comparator B) of the Growth ol Human Epidermoid Tumors (A431 ) in mice. 


Compound 3 


RTG b Day 
7 


%T/C C 


RTG b 
Day 14 


%T/C<= 


RTG b 
Day 21 


%t/g c 


RTG b 
Day 28 


%T/C e 


S/T d 






















Control 


3,56 




5.55 




5.85 




7.63 




10/0 






















Example 9 
(80 mg/kg) 


0.89 


25* 


1.50 


27* 


2.44 


42' 


3.45 


45* 


5/5 


Comparator 
B (80 mg/kg) 


3.37 


95 


5.43 


96 


6.21 


106 


10.26 


142 


5/5 


Comparator 
B (20 mg/kg) 


Z90 


81 


4.19 


75 


5.62 


96 


8.04 


105 


5/5 



P. Control and tho 80 mg/kg dosec v»< 



sn days 1, S. and 9; £0 mg*s dbco wi 



Relative Tumor Growt h of Treated Group x 
"Reiatfve Tumor Growth of Placebo Group 
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The results oblained in Tables 6 and 7 show that the compound of Example 9. a representative compound of this 
invention, significantly (p < 0.01 ) inhibited human j epidermoid tumor growth in vivo. The structurally closest compounds 
of European Patent Applications 635.48BA1 (Comparator A) and 556,226 A1 (Comparator B) were substantially less 
active than tho compound of Example 9, and both faiied 1o significantly reduce tumor growth at both doses tested. 

s Based on the results obtained for representative compounds of this invention, the compounds Of this invention are 

particularly useful in treating, inhibiting the growth of, or eradicating neoplasms. In particular, the compounds of this 
invention are useful in treating, inhibiting the growth of, or eradicating neoplasms that express EGFR such as those 
of the breast, kidney, bladder, mouth, larynx, esophagus, stomach, Colon, ovary, or lung. 

The compounds of this invention may formulated neat or may be combined with one or more pharmaceutical^ 

to acceptable carriers tor administration. For example, solvents, diluenls and the like, and may be administered orally in 
such forms as tablets, capsules, dispersible powders, granules, or suspensions containing, for example, from about 
0.05 to 5% of suspending agent, syrups containing, for example, from about 1 0 to 50% o! sugar, and eiixiis containing, 
for example, from about 20 to 50% ethanol, and the liko. or parenteral^ in the form of sterile injectable solution or 
suspension ccntaining from about 0.05 to 5% suspending agent in an isotonic medium. Such pharmaceutical prepa- 

« rations may contain, tor example, from about 0,05 up to about 90% of the active ingredient in combination with the 
carrier, more usually between about 5% and 607= by weight. 

The effective dosage of active ingredient employed may vary depending on the particular compound employed, 
the mode of administration and the severity of the condition being treated. However, in general, satisfactory results 
arc obtained when the compounds of the invention are administered at a daily dosage of from about 0.5 to about 1 000 

20 mg/kg of animai body weight, optionally given in divided doses two to four times a day, or in sustained release form. 
For most large mammals the total daily dosage is from about 1 to 1 000 mg, proforably from about 2 to 500 mg. Dosage 
lorms suitable tor internal use comprise from about 0.5 to 1000 mg of the acth/e compound in intimate admixture with 
h solid or liquid pharmaceutical acceptable carrier. This dosage regimen may be adjusted to provide the optimal 
therapeutic response. For example, several divided doses may be administered daily or the dose may be proportionally 

25 reduced as indicated by the exigencies of the therapeutic situation. 

These activo compounds may be administered oraily as well as by intravenous, intramuscular, or subcutaneous 
routes. Solid carriers include starch, lactose, dicalcium phosphate, micrccrystalline cellulose, sucrose and kaolin, while 
liquid carriers include sterile wafer, polyethylene glycols, non-tonic surfactants and odiblo oils such as com, peanut 
and sesame oils, as are appropriate to the nature of the active ingredient and the particular form of administration 

so desired. Adjuvants customarily employed in the preparation of pharmaceutical compositions may be advantageously 
included, such as flavoring agents, coloring agents, preserving agents, and antioxidants, lor example, vitamin E, ascor- 
bic acid, BHT and BHA. 

The preferred pharmaceutical compositions from the standpoint ol ease of preparation and administration are solid: 
composillons, particularly tablets and hard-filled or liquid-lilted capsules. Oral administration of the compounds is pre- 
ss ferred. 

In some cases it may be desirable to administer the compounds direclly to tho airways in the lorm of an aerosol. 

These active compounds may also be administered parenterally or intraperitonealiy. Solutions or suspensions of 
these active compounds as a free base or pharmacologically acceptable salt can be prepared in water suitably mixed 
with a surfactant such as hydroxy-propyiceHutose. Dispersions can also be prepared in glycerol, liquid polyethylene 
40 glycols- and mixtures thereof in oils. Under ordinary conditions of storage and use, these preparalion contain a pre- 
servative to prevent the growth of microorganisms. 

The pharmaceutical lorms suitable for injectable use include sterile aqueous solutions or dispersions and sterile 
powders for the extemporaneous pieparation of sterile injectable solutions or dispersions. In all cases, thefqrjn must 
be sterile and musl be fluid to the extent that easy syringability exists. It must be stable under the conditions of man- 
ts ufacture and storage and must be preserved against the contaminating action of microorganisms such as bacteria and 
fungi. The carrier can be a solvent or dispersion medium containing, for example, water, ethanol, polyol (e.g., glycerol, 
propylene glycol and liquid polyethyteno glycol), suitable mixtures thereof, and vegetable oils. 

For the treatment ol cancer, the compounds of this invention can be administered in combination with other anti- 
tumor substances or with radiation. These other substances or radiation treatments can be given at the same or at 
so different timesas the compounds of this invention. These combined therapies may effect synergy and result in improved 
efiicacy. For example, the compounds of this invention can be used in combination with mitotic inhibitors such as taxol 
or vinblastine, alkylating agents such as cisplatin or cyclophosamitie, antimetabolites such as 5-fluorouracil or hydrox- 
yurea, DNA intercalalors such as adriamycin or bteomycin, topoisomerase inhibitors such as etoposide or camp- 
tolhBCin, and anliestrogens such as tamoxifen. 
SB The preparation of representative examples of the compounds of this invention is described below. 
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Example 1 

NM-2-Cvano^-nitrophQnyi)-N,N-dimethvlfonTiarnidine 

5 A 40.8 c portion 1 of 5-nilro-anlhrBnilohltrile and 40 ml bl N, N-dim9!hy!formamids dimethyl acelal were heated on 

a steam balh for 2 hours. Tho eolvortts woro removed at reduced pressure and the residue was taken up in mathylone 
ch loride. After passing this solution through Magnesol the solvent was removed. After washing with ether 50.8 g of N"- 
(2-cyano-4-nitrophenyl)-N , N-dimethyliormamidine was obtained. 

to Example 2 

N-(3-Bromopheny l) ^ niitrq -4 : 9uina 20linarnine 

A solution of 23.74 ml o( 3-bromo aniline and 40.5 g N , '(2-cyano-4-nitrophenyi)-N,N-dimethyllormamidine in 100 
is ml of glacial acetic acid was stirred and heated in an oii bath at 1 48" C 1or 1 .5 hours. On cooling, filtration of the resulting 
solid gives a quantitative yield of N-(3-bromophenyl)-6-nitro-4-quinazolinamine: mp = 267-27CTC; mass spectrum {ml 
e): 345. 

Example 3 

20 

N-(3-Bromophenvl)-4,6-quina*cdindiarhihe 

A mixture ol 34.5 got N-(3bromophenyl)-6-nitio-4-quinazolinamine and 16.8 gdf iron powder in 150 ml of ethanol 
and 150 ml ol glacial acetic acid was heated in an oil bath at 120°C for 2 hours. After filtration of the solid, solid sodium 
25 carbonate was added to the nitrate giving a solid. This was tillered, and the solid was extracted with methanol. The 
extracts were treated with charcoal and evaporated to a solid. After washing the solid with ether 27.5 g of N- 
(3-bromophenyl)-4,6-quinazolindiamine was obtained: mass spectrum (m/e): 315. 

Example 4 

30 

4.H44(3-BronKiphBnvnaminoi-6-quinazolinvllamino-4-oxc-(2)-2-bulenoicacid 

A 15 mi portion of pyridine was added to 1 .6 g of N-^-bronrwphenyl^.e-quinazolindianiine and 0.6 g of maleic 
anhydride. After stirring overnight, the solvents were removed on the rotary evaporator. The solid was taken up in about 
os 400 ml of hot ethanol and the insoluble material filtered to give 0.33 cj o! 4-l[4-[(3-Bromophenyl)amino]-6-quinazoliny I] 
amirio]-4-0xo-(Z)-2-buterioic acid: mass spectrum (m/o): M+H 413, 415 

Examples 

40 4-r[4-rf3TBromophenyl)amino1-6-quinazolinvllamino1-4-oxo-fE)-2-butenoic acid, ethyl ester 

A solution of N-<3-bromophenyl)-4,6-quinazolindiamine in 15 ml of pyridine was cooled in an ice bath and asolution 
of 1 ,22 g at ethyl (umaryl chloride in 10 ml of methylene, chloride was added dropwise. After stirring for 1 .5" hours, the 
reaction was allowed to come lo room temperature. The solve nts were removed at reduced pressure and the residue 
is was treated with water. Tho rod solid was filtered and extracted into hoi acetone. After filtration of the insoluble material, 
the filtrate was concentrated to o. ive 045 g of 4-fl4-l(3-Bromophenyl)amino]-6-qUinazolinyRamino]-4-oxo-(E)-2-buten- 
oic acid, ethyl ester: mp = 259-263°C, mass spectrum (nVe): M+H 441, 443. 

Example 6 

50 

N44.-ff3^rc^opherwltemmo1-6^uihazM 

A solution of 1.5B g of N-(3-bromophenyl)-4,6-quinazolindiamino in 15 ml of pyridino was cooled in an ice bath 
and a solution o! 0.67 mt of 3,3-dimethytacryloyl chloride in 7 ml ol ether was added dropwise. After stirring and cooling 
ss for 2 hours, the solvents were removed at reduced pressure The residue was treated with water and the resulting solid 
was recryslallized from methyl cellusolve to give 0.97 g of N-[4-[(3-bromophenyl)amino]-6-quinazolinyl]-3-methyl- 
2-butenamide: mp = 30D-301 o C, mass spectrum (m/e): 396, 398. 
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Example 7 

N-4-l(3-Bromophonvnamino-6-Quinazolinv]-(E>S-butonamidc 

5 A solution ot 1 .6 g of N-(3-bromophenyl)-4,6-quinazolindiamine in 15 ml ol pyridine was cooled in an ice hath and 

a solution ol 0.57 ml of trans-crotonoyl chlorido in 6 ml of other was added dropwise. Alter stirring and cooling for 2 
hours, the solvents were removed at reduced pressure. The residue was trcoled with water and the resulting solid 
rccrystallized trom n-butanol to give 0.69 g or N-f44(3*romophenyl)amino]-6-quinazotinyl]-(E)-2-biJteriBrnide: mp = 
153-1 60 n C. mass spectrum (m/e): M+H 393, 385. 

70 

Example 8 

N-M4<3-Bromopherwlteminol^uinazolinvll-2-rTiethvl-2-propenamido 

is A solution of 1,8 g of N-(3-bromophenyl)-4,6-quinazo!indiamine in 15 ml of pyridine was cooled in an ice bath and 

a solution of 0.59 ml of methacryoyl chloride in 6 ml ol ether was added dropwise. After stirring and cooling tor 2 hours, 
tho solvents were removed at reduced pressure. The residue was treated with water and the resulting solid was taken 
up in n-bulanol (warming). Addition of ether to the cooled solution gives 0.4-a got N-t4-[(3-bromophenyl)aminD]-6-quina- 
zojinyt>2-methy]-2-proponamide: mp = 40-245°C, mass spectrum (m/e): M-rH 383, 385. 

20 

Example 9 

N-l4-;i3-Bromcphgnvl)a-ninol-6-cuinazclinvl1-2-butvnamide 

« A solulion of 0.50 g ol 2-butynoic acid in 10 ml ql tetrahydrofuran was cooled in an ice bath. A 0.79 ml portion of 

isobutyl. chtorofdrmate followed by a0.66 ml portion of N-msthyl morpholine were added. After about 1 minutea solution 
of 1.6 g o! N-(3-bromopheny!)-4,6-quinazolindiamine in 1 0 ml of pyridine was added. The reaction was allowed to coma 
to room temperature and stir overnight. The solvents were removedat reduced pressureand thesoiid. was recrystallized 
from n-butanol to give 1.07 g of N-t4-[(3-bromophenyl)amino]-6-quinazolinyl|-2-butynamide: mass spectrum (m/e): 

so 381 , 363. 

Example 10 

4-f|4-K3-Bromophenvl)aminol-6-Quinazolinvnaminol-4-oxo-(El-2-butenoicacid 

35 

A 2.5 mi portion of 10 N aqueous sodium hydroxido was added to 2.3 g ol 4-}[4-[(3-brorncphenyl)amino]-6-quina- 
zolinyl]aminO]-4-oxo-(E)-2-brjtenoic acid ethyl ester (Example 5) in 25 nil of elhanof. After stirring for an hour, 2.1 ml 
ol concentrated hydrochloric acid was added, and the reaction was stirred an additional 2 hours. The resulting solid 
was recrystallized from n-butanol to give 0.97 g of 4-{[4-[(3-Bromophenyl)aminp]-6-quinazblinyl]aminoH-oxo-(E)-2'bu- 
ao jenoic acid; mass spectrum (m/s): M+H 41 3. 

Example 11 

N-|4-|f3-Bromophenvnaminol-6-quinazolinvll-2,4-hexadienamide 

A solution of 0.67g of 2,4-hexadienoic acid in 10 ml of tetrahydrofuran was cooled in an ice bath A 0,79 ml portion 
of ispbutyl chforoformate followed by a 0.66 ml portion of N-methyl morpholino were added; After about 1 minute a 
so'ution of 1 .6 g of IM-(3-bromopheny l)-4,6-quinazolindiamine in 1 0 ml of pyridine was added. The reaction was allowed 
to come to room temperature and stir overnight The solvents were removed at reduced pressure and the solid was 
so recrystallized to give 1 .0 g of IM-[4-[(3-bromophenyl)amino]-6-quinazolinylj-2,4-hexadienamide: mp = 258-260°C. 

Example 12 

N^4-K3-Bromophenyl)aminol-6-Guinazolinyr|-2-cyclopenteneamide 

ss 

A solution of 0.43 g of 2-cyclopontenoic acid in 5ml ot tetrahydrofuran was cooled in an ice bath. A 0.49 ml portion 
oi isobutyl chtoroformate followed by a 0.41 ml porticn ol N-methyl morpholine were added. After about 1 minute a 
solution of 1.0 g of N-(3-bromopheny l)-4,6-quinazolindiamine in 1 0 ml of pyridine was added. The reaction was allowed 
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1o come to room temperature and stir overnight. Another 0.5 equivalents ot mixed anhydride was added. The mixture 
was stirred for 5 hours. The solvents were removed at reduced pressure and the solid was purified by chromatography 
on silica gel to give 0.30 g ot N-[4^(3-bromophenyl)amino]-6-quinazolinyl]-2-cyclopen!enearnlde: mass spectrum (m/ 
e): 409 (M+H, El). 

Example 13 

N-r4-r(3-Bromo3henyl)amino1-6-quina2olinvl1-2-proponamido 

A solution of 2.0 p of N-{3-bromophenyi)-4,6-quinazolindiamine in 10 ml ol pyridine was cooled in an ice bath and 
a solution of 0.61 ml of acryoyl chloride in 30 ml of ether was added dropwise at 0°C. After stirring at room temperature 
for 3.5 hours, Ihe solvents were removed at reduced pressure. The residue was purified by chromatography to give 
0.2 g of N-[4-[(3-bromophonyl)amino]-6-quina2oiinyl}-2-propenamide: mass spectrum (m/e): M+H 369. 

Example 14 

N-f4-|(3-Bromophsnyl)aminoi-6-Quinazolinyll-(3-phenvl-2-propynamide ) 

A solution of 0.93 g of 3rphenyl-2-propynoic acid in 10ml ol tetrahydrofuran was cooled in an ice bath. A 0.B2 ml 
portion of isobutyl chlcroformate followed by a 0.69 ml portion of M-meihyl rfiorpholine were added, After about 1 minute 
a solution of 1 .0 g of N-(3-bTpmophenyl)-4,6-quinazo!indiamino in 7 ml of pyridine was added. The reaction at 0°C for 
1 nr.. The solvents were removed at reduced pressure and the solid was purified by chromatography on silica gel to 
give 0.01 g ol N-[4-[(3-bromopheny!)amino]-6-quinazolinylH3-phenyl-2-propynamide): mass spectrum (rnfe): 443.2, 
445.2 (M+H. eleclrospray). 

Example 15 

6-amino^4-chloit>qUioazolir)a 

A mixture consisting of 3.25 g of 4-chloro-6-nitroquinazoline', 10.8 g ol sodium hydrosulfite, and 0.3 g o! the phase 
transfer catalyst (C 6 H 17 ) 3 NCH 3 + CI" in 97 ml of tetrahydrofuran and 32 ml of water was stirred rapidly for 2 hours. The 
mixture was diluted with ether and the organic layer was separated. The organic solution was washed with brine and 
then dried over magnesium sulfate. The solution was passed through a small column of silica gel. The solvent was 
removed at 30°C at reduced pressure giving 6-amino-4-ehloroquinazoline which is used in lhe next step without ad- 
ditional purification. 

Example 16 

f4-chloro-6-quina2ollnvt1-2-butvnamide 

A solution of 1.64 g of 2-butynoic acid in 46 ml of tetrahydrofuran was cooled in an ice bath. A 2.34 m| portion of 
isobutyl chloroformatc followed by a 4.1 3 ml portion of N-melhyl morpholine were added. A|ler about lO minutes, this 
was poured into a solution of 6-smino-4-chloroquinazoline in 46 ml tetrahydrofuran. This mixture was stirred al room 
temperature for 2 hours. The mixture was poured into a mixture of brine and saturated sod jum bicarbonato and extracted 
with ether. The ether solution was dried over magnesium sulfate and filtered. The solvent was removed giving [4-ch!oro- 
6-quinazoiir.yl]-2-butynamido as colored oil that 'was used, in the next step without additional purification. 

Example 17 

N-l4-ft3-Bromophcnvltamlno1-6-quina2olinvll-2-buivnamide 

A solution consisting ot 1 .76 got [4-chloro-6-quinazolinyl]-2 bulynamide and 1 .23 got 3-bromo aniline was refluxed 
under an inert atmosphere in 23 ml ol isopropanol for 40 minutes. The rnixlure was cooled to room temperature and 
200 ml ol ether was added giving 0.4 g of N-[4-[(3-bromophenyl)aminoj-6-quinazolinyl]-2-butynamide as the hydro- 
chloride salt. Neutralizing with sodium bicarbonate solution, extracting with ethyl acetate, removal of the solvent, and 
recyrstallization from 1-bulanol gives N-[4-](3-bromophonyl)amino]-6-quinazolinyl]-2-butynamide as the free base. 
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Example 18 

N'-f^Arnino-2-cvanophenvlVN,N-^;melhvlformamidin6 

S A solution ot 6.0 g (27.5 mmol) of N'-{2-cyano-4-n!lrophonyl)-N,N-ciimethyllormamidine, 33.9 g (41 B ml, 412.4 

mmol) ol cyclohexena. and 0.6 g oi 1 0% Pd/C in 360 ml of methanol was refluxed for 4 hrs. The hot mixture was filtered 
through Celite. Solvent was removed and the residue was recrystallized from chloroform-carbon tetrachloride giving 
4.9 g (95%) of the title compound as a light gray crystalline solid, mass spectrum <m/e):188.9 (M+H, electrospray). 



N-t3-Cvano-4-f[(dimelhy1smino)methyienelamino]phenvr|-2-bulvnamide 

To a solution of 201 g (23,9 mmol) of 2-bulynoic acid and 2.9 ml (22.3 mmol) ispbutyl chloroformate in 30 ml 
»5 tetrahydrofuran was stirred at 0 3 C under nitrogen as 2.42 g (2,63 ml, 22.3 mmol) Of N-methy! morpholine was added 
over 3 min. After stirring for 15 min., a solution ot N'-(4-amino-2-cyanophenyl)-N,N-dime1hylformamidine and 1.6 g 
(1 .75 ml, 15.9 mmol) of N-methyl morpholine in 25 m! tetrahydrofuran was added over 4 min. The mixture was stirred 
30 min. at 0°C and 30 mill at room temperature. The mixture was diluted with 70 ml of ethyl acetate and poured into 
a mixture of brine and saturated sodium bicarbonate. The organic layer was dried (MgS0 4 ) and filtered through a pad 
?£> of silica gel. The solvent was removed and the residue was stirred with ED ml of ether. The suspended solid was 
collected to give 3.61 g (89%) of an off-while solid, mass spectrum (rrife): 255.0 (M+H, eleclrospray). 

Example 20 

25 N-r4-K3-Bromophenvl)aminoll-6-quina2olinvl1-2-fautvnamide 

A solution of 3.0 g (11.6 mmol) of N-[3-cyano-4-[[(dimcthylamino)methyleneJamino] pheny)]-2-butynamide and 
2.23 g (12.98 rnmot) oi 3-bromo aniline in IS ml oi acetic: acid was roftux'od gently with stirring under nitrogen for 1 hr 
15 min.. The mixture was cooled in an ice bath and a solid mass formed. The solid was collected by filtration and 
30 washed with elher-acetonitrile 1:1 to give a yellow solid which was recrystallized from ethanol gwing 2.51 g of N-[4-[ 
(3-bromophenyl)amino]-6-quina2olinyl]-2-butynamidQ: mass spectrum (m/e): 381 , 3B3. 



Claims 

1. A compound of the formula 




1 



X is phenyl optionally substituted wilh one or more substituonts selected from me group consisting of halogen, 
alky! of 1-6 carison atoms, alkoxy ol 1-6 carbon atoms, hydroxy, trifluoromelhyl, cyano, nitro, carboxy, csr- 
SS boalkoxy oi 2 -7 carbon atoms, carboalkyl of 2-7 carbon atoms, amino, and afkanoylamihb of 1 -6 carbon atoms; 

R and R, are each, independently, hydrogen, haiogen s alkyl of 1 -6 carbon atoms, alkoxy of 1 -6 carbon aloms, 
hydroxy, or liifluoromoihyl; 

fl 2 is hydrogen, alkyl of 1-6 carbon aloms,- alkoxy of 1-6 carbon atoms, hydroxy, triJluoromBthyl; 
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Y is a radical selected from the following: 



to 



ts 




20 Bj is independently hydrogen, alkyl of i-6 carbon atoms, cnrbcxy. carboalkoxy of 1 C carbon atoms, phenyl, 

orcarboalkyt of 2-7 carbon atoms; 

n - 2-4; or a pharmaceuljcaily acceptable sail thereof, with the proviso thai esch Rg of Y nay be the same or 
different. 

25 

2. A cc.mpoundacccrding io Claim 1 wherein a R[, and R 2 are hydrogen orapharmaceuticaBy acceptable saliihereof 

3. Acoi ipcjndacro-dmQtcCtami 5 oi Hi -;r ( i 2 < 4woi> X is unsubstiluted or sub ituted with halogen o alky! 6f 1-6 
carbon albms. 

3D 

4. A compound according to Cla irn 1 which is one ot The following : 

N-[4-[(3-,BrE-mophenyl)amino.J-6-quinazo!inylI : 2-butynamide; 

N-[4-[(3-Bromophenyl)arnino]-6-quina2oliriylj-2-methyl-2-propenamide; 
as N-[4 [{3-Brpmcphenyl)amino]-6-quinazolinyt]-2,4 hoxadicnarnide; 

N [1 h* 1 err rr'-er /I c.m • - o<.. na: d nyl] tF ^ Lu cr. ir de 

N-[4-[(3-Bromopheny[}amino]-6-qumai'Olinylj-3-methyl-2-butenamidc; 

«:-|;4-|(o-brcmDr.ierYl ; Hminr,;-6-qi: n&rol.nyljarr. ncj-4-oxo-(/)-2-buxr.c!:; ac'd: 
[(3-BromophenyJ)amino] 6-quinEZolinyl]arnino]-<1 exrx'b'i-2 fcutenoic acid; 
40 4-([4-[(3-Bromopheny!)amino]-6-quinazolinyl]amino]-4-oxc-(Ej-2-bulwofc acid, .ethyl ester, 

N-f4-}(3-broiTOphcriyljamino]-6-quinazalinyl3-2-cyctapen1enarnide; 

N-(4-^3TBrornopbenyl)amino]-6-quinazoljnyl]-2-propenajTiide 

and 

>J-y»-;;C;-b.'Cf:.opi c- S yi;; 5 n inc! C cui-nya uvyij (S-a ieny -2 prqjyi.ar.iiic:); or a. pharmaceuticaliy acceptable 
#ff salftheraol. 

5. A method of inhibiting the biological effects of a deregulated protein tyrosine kinase in a mammal which comprises 
administering lo said mammal an effective amount of a compound having the formula 1 as, defined in claim 1 or a 
pharmaceuticaliy acceptable salt thereof. 

so- 

6. AmethoS^r^ 

to said mammalan effective amount of a compound having the formula I as defined in claim 1 era pharmaceuticaliy 
acceptable sail thereof. 

55 7, A method according 1b claim 6 wherein the neoplasm expresses EGFR. 

8. A method according io claim 7 wherein the neoplasm is selected from the group consisting ol breast, kidney, 
bladder, mouth, larynx, esophagus, stomach, colon, ovary, and lung. 
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9. A pharmaceulicai composition which comprises a compound having the formula 1 as.defined in claim 1 or a phar- 
maceutically acceptable salt thereof and a pharmaceutical^ acceptable carrier. 

10. A process for preparing a compound of She formula: 




wherein R, R,, R 2 , and X are as defined in claim 1 ; Y is a radical selected from the following: 




Wherein each R 3 is independently hydrogen, alkyl of I -6 carbon atoms, carboxy, carboalkoxy of 1 -6 carbon atoms, 
phenyl, or carboalkyl of 2-7 carbon atoms; n is the integer 2-4, which comprises one of the following: 

a) reacting a 6-amjno-quin3Zoline of the formula: 



R HN" X 




6 



wherein X, R, R, and Bg, are as defined above, 

with an acid chloride or mixed anhydride of the formula: 
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O o 
Y-^ and Y-< 

C| OCOR 4 

7 8 

wherein Y is as dDnned above and R4 is alKyi of 1-6 carbon atoms to give a compound of formula 1; 
or 

b) reacting a compound of formula 6 as defined above with a compound ot formula 11 



11 

wherein each R s is independently hydrogen, phenyl ot aikyt of 1 to 6 carbon atoms, to give a compound as 
claimed in claim 1 having the formula 12: 



wherein X. R, R 1 , R 2 and R s are as defined above; 
or 

c) reacting a compound 0} fhje formula: 




wherein Y is as defined above, with an aniline of the formula: 
X-NH 2 18 

wherein X is as detined "m Claim 1 to give a compound of formula 1 ; 
or 

d) reacting a compound ol the formula: 
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vw 



.CN 



° ^^N^N<CH 3 ) 2 M 



Wherein Y is as defined above, with an aniline ol the formula: 
X-SIH, 1fl 



wherein X ts as defined in Claim 1, to give a compound of formula 1; 

and. if desired after any of steps a), fa), c) and d), isolating the product as a pharmaceutically acceptable salt. 
11. A process as claimed in claim 10 in which the compound of formula 



R MM 



as defined in Claim iC is prepared by reducing a compound ol formula 




wherein Ft, R,, R 2 and X are as defined in Claim 1 . 
12. A process for as claimed in Claim 11 in which the compound of the formula: 
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wherein X, R, R 1r and R 2 arc as defined in Claim 1, is prepared by reacting a compound of formula: 



N{CH 3 )2 



with an aniline of iha formute: 



wherein R, R, , Rj and X are as defined in Claim 11, 



13. A process lor preparing a compound of the formula 1 as defined in Claim 1 which comprises reacting an anwranilo- 
nitrile of the formula; 



with dimethylformamidB riimfithy! acetai to give a compound of the formula: 



Y ~N' N(CH 3 ) 2 
Rl 3, 



healing said compound with an aniline of the formula: 



in an acidic organic solvent lei give a 6-nitro-quinazoline of thefbrmula: 




treating said compound with a reducing agent to give a S-arnino-quinazoline oi the formula: 



R HIST" 




and reacting said compound with an acid chloride or mixed anhydride of trie formulas: 



Y-< and Y-< 

\;1 OCOR4 



wherein R 4 is alky! ol ; -6 carbon atoms, and i( desired isolating as a pharmaceutical sail 
14. A process lor producing a compound bl the formula 



JSL 

V " 1 



wherein X and Y are according 1o claim 1 ; which comprises reducing a compound of the formula; 



^ 13 



with sodium hydrosuliite and a phase transfer catalyst in a solvent mixture comprising an inert organic solvent and 
water to give a compound of the formula: 
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Ct 

N 14, 

reacting said compound with an acid chloride or mixed anhydride of trie formula: 

wherein Y is as defined in Claim 1 and wherein is alky! of 1 -6 carbon atoms, to givp a compound of the formula: 
CI 



and reacting, said compound with an aniline of the formula: 
15. A process for producing a compound of tho formula: 

Y 



m 

wherein X and V are as according to claim 1 ; 

which comprises reducing the compound of the formula: 



N(CH 3 ) 2 20 



with a palladium catalyst end a source of hydrogen in an inert solvent to give a compound ol the formula: 
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reacting said compound with an acid chloride or mixed anhydride of the formula; 

o P 

Y-4 or Y-< 
Y ^ C | OCOR 4 

wherein R 4 is alkyl of 1 -6 carbon atoms, to give a compound of the formuia: 



and reacting said compound with an aniline of the formula: 
K-NH Zi 



EP 0 787 722 Ai 



PARTIAL EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



EP G 635 498 A (ZENECA LTD.) 

* page 6, line 10 - line 14; claims 

EP 0 566 226 A (ZENECA LTD.) 

* page 13, line 52 - page 14, line 11; 
claims 1,11 * 



WO 95 19774 A (WARNER-LAMBERT CO.) 
* claims 71,74 * 



WO 96 15118 A (ZENECA LTD.) 

page 6, line 11 - line 12; claim 



1-3,9 
1-3,9 

us 

1,9 

1,9 



INCOMPLETE SEARCH 



"Heraark : Although claims 5-8 are directed to a method 
of treatment of (Diagnostic method practised on) the 
human/animal body (Article 52(4) EPC) the search has 
been carried out and based on the alleged effects of 
thu compound/composition." 



BERLIN 


25 Hay 1997 


Hass, C 


CAILCORY OF (TIED UOCUMi 

X : particularly tHrvani if lik/fl ilo-tr 
V : particularly relevant if ccrobi.'.nJ wliS 


•MI'S T : tjlraiy. or prlodpl. miaigvz ebenreMloo 
»<htr 11 :(.,„,,„ the ipplicathn 

£ n> rr.l >(-,• unit r t i> nit) r, E , - ,, 



30 



EP 0 787 722 A1 



PARTIAL EUROPEAN SEARCH REPORT 

EP 9.7 30 0703 





DOCUMEN TS CONSIDERED TO BE RELEVANT 








Ciuti.n of dwrumtM with jivJicifion, whnr uppruprialc. 










JOURNAL OF MEDICINAL CHEMISTRY, 

vol, 39, no. 1, 1996, 

pages 267-76, XP0O0197481 

A. a. BRIDGES ET AL. : "Tyrosine Kinase 

Inhibitors. 8. An Unusually Steep 

Structure- At- t.-nnty Re.l&tion'-fcip for 

Analogues of 4-(3-Broim>arrilino)-6,7- 

dimethoxyqinnazoline (PD 153:835), a Poieiil 

Inhibitor of the Epidermal Growth Factor 

Receptor" 

* tame i * 


1 








JOURNAL Of MEDICINAL CHEMISTRY, 
vol. 38, no. IS, 1995, 
pages 3482-7, XPOGG1974B3 














[ 




G. W. REWCASTLE E.T AL. : "Tyro si i?e Kinase 
InhiMtors. 5. Synthesi s and 
Stmcture^Activity telatfconshiijs for 
4- [(Phenyl methyl } amino] - and 
4-(Phenylaniino}quinazolines as Potent 
Adenosine 5 '-Triphosphate Binding Si te 
Inh bitfirs cf the Tyrosine Ki "as* 1 Brmain 
ui the Epidermal Growth Factor Recvptor' 
* table 1 * 






j 


A,p 


SCIENCE, 

vol. 265, 19 August 1994, 

pages 1093-5, XP0&956USB 

J. W rPY ET AL : "h specn Inhibi tor 

of the Epidermal Growth Factor Receptor 

Tyrosine Kinase" 

* page 1693, figure 1 * 


1 












i 
I 

; | 

£ 











31 



